Understanding how populations adapt to heterogeneous thermal regimes is essential for comprehending how latitudinal gradients in species diversification are formed, and how taxa will respond to ongoing climate change. Adaptation can occur by innate genetic factors, by phenotypic plasticity, or by a combination of both mechanisms. Yet, the relative contribution of such mechanisms to large-scale latitudinal gradients of thermal tolerance across conspecific populations remains unclear. We examine thermal performance in 11 populations of the intertidal copepod Tigriopus californicus, ranging from Baja California Sur (Mexico) to British Columbia (Canada). Common garden experiments show that survivorship to acute heat-stress differs between populations (by up to 3.88C in LD 50 values), reflecting a strong genetic thermal adaptation. Using a split-brood experiment with two rearing temperatures, we also show that developmental phenotypic plasticity is beneficial to thermal tolerance (by up to 1.38C), and that this effect differs across populations. Although genetic divergence in heat tolerance strongly correlates with latitude and temperature, differences in the plastic response do not. In the context of climate warming, our results confirm the general prediction that low-latitude populations are most susceptible to local extinction because genetic adaptation has placed physiological limits closer to current environmental maxima, but our results also contradict the prediction that phenotypic plasticity is constrained at lower latitudes.
Introduction
Latitudinal gradients in abiotic factors strongly determine species distributions. Of these factors, temperature is arguably the most important, as its effects are pervasive across all levels of biological organization, from biochemistry of molecular processes to physiology of the whole organism [1] [2] [3] . As such, it is expected that organisms adapt to latitudinal gradients by matching their physiological tolerances to the local thermal environment experienced along their range [4] . Understanding the mechanisms underlying the evolution of thermal tolerance is critical not only for explaining contemporary biogeographic patterning, but also for predicting how climate change and evolutionary adaptation will affect future species distributions [5, 6] .
Adaptation is generally defined as a genetically-based change caused by natural selection [7, 8] . Comparative physiology studies involving populations of one species or congeneric species spanning a wide latitudinal gradient have most clearly identified two non-mutually exclusive mechanisms underlying thermal adaptation: innate genetic divergence and phenotypic plasticity [6] . Divergence of genomic regions involved in thermal tolerance can alter protein expression, structure and performance in different environments, affecting individual fitness by natural selection and ultimately leading to fixation of advantageous mutations in populations. This clear link between mutation, gene, function and phenotype, has made studies of genetic divergence appealing and prominent in the adaptation literature [9] . Studies have shown that even single amino acid substitutions in orthologous enzymes from taxa adapted to different temperatures may significantly alter the structure and function of proteins [10] [11] [12] . On the other hand, phenotypic plasticity allows the same genotype to adjust the phenotype when induced by environmental cues [13] . Although the genetic basis of plasticity remains debated [8, 14] , it is now clear that plasticity can be under genetic control, specific to certain functions, altered by natural selection [14] [15] [16] , and hence provide an underappreciated mechanism for adaptation [17] . Common garden experiments have shown that the contribution of plastic responses to thermal tolerance can be equal to or even greater than that of innate genetic divergence [18] . A renewed interest in phenotypic plasticity has motivated studies showing that these two mechanisms may interact to impede or promote phenotypic evolution [15, 19] , or even ecological speciation [20] [21] [22] .
Two predictions can be made in regards to how these two mechanisms of adaptation will influence taxa spanning largescale latitudinal gradients of temperature: innate genetic responses should correlate with mean environmental temperature [23] , while phenotypic plasticity (or performance breadth) should correlate with the amplitude of thermal variability [24] (following the climatic variability hypothesis [25] ). Studies of porcelain crabs [26, 27] and tropical lizards [28] have shown some support for these hypotheses. Those results imply that warm-adapted taxa from lower latitudes, particularly ectotherms, are most threatened by further increases in temperature because (i) their innate acute thermal limits (LD 50 values) lie close to current environmental thermal maxima, and (ii) they have only limited ability to modify heat tolerance through plasticity [6] .
We address these hypotheses using the marine copepod Tigriopus californicus, which is widely distributed over a large-scale (approx. 358) latitudinal gradient in North America, ranging from Baja California Sur to Alaska. Spatial restriction of this species to splash pools in the high intertidal and supralittoral zone, where tidal immersion is rare, has resulted in allopatric evolution [29] . Independently evolving populations along this latitudinal gradient experience several similar abiotic stressors, such as variation in salinity, oxygen and pH, as is characteristic of high tidal pools [30, 31] . However, other abiotic stressors such as temperature, both of the air and of the sea surface, show a pronounced clinal variation. Some populations experience temperatures up to 408C [32] , occasionally leading to pool desiccation and local extinctions [30] . Common garden experiments with populations spanning up to 178 of latitude have shown that survivorship to acute thermal limit decreases with increasing latitude, suggesting that copepod populations are genetically adapted to a latitudinal thermal gradient [32, 33] . Transcriptome analysis has shown that expression of orthologous heat-shock proteins strongly differs between a warm-and a cold-adapted population raised in common garden [34] , indicating that high inter-population differentiation might facilitate genetic adaptation, via both structural changes in proteins and changes in gene expression. An experiment rearing descendants of wild-caught females from six populations at two temperature regimes (cold and constant versus warm and variable) suggested that rearing regime (mean temperature or variability) causes a plastic response in thermal tolerance, and that plasticity seemed to be inversely correlated with latitude [32] . Yet, the potential contribution of phenotypic plasticity to adaptation along latitudinal thermal gradients remains unclear, as it requires split-brood experiments [13] .
To assess the relative contribution of genetic divergence and phenotypic plasticity in the adaptation to a latitudinal temperature gradient by the copepod T. californicus, we focused on 11 natural populations spanning 23.48 of latitude that have evolved under a wide range of temperature regimes. First, we tested if genetic divergence contributes to population differences in heat tolerance, using common garden experiments that exclude trans-generational maternal effects, and measuring survivorship to acute heat-stress from 338C to 408C. Second, we tested if developmental phenotypic plasticity contributes to heat tolerance and whether it differs among populations by using a split-brood experiment with two rearing temperatures (constant 20 and 258C). Finally, we examined correlation of both genetic and plastic adaptation with habitat temperature, providing insights on the relative importance of the two mechanisms potentially underlying thermal adaptation across this large-scale latitudinal gradient, and on population susceptibility to ongoing climate warming.
Material and methods (a) Population sampling and culturing
We extended the sampling from previous works [32, 33] to encompass most of the species range by collecting a total of 11 populations (figure 1; electronic supplementary material, table S1), from Baja California Sur in Mexico (27.188 latitude) to British Columbia in Canada (50.588 latitude). Stocks were maintained in 400 ml beakers of filtered seawater. Copepods were fed ground 'Algae Wafers' (Kyorin Co., Himeji, Japan). Populations were split into additional beakers when they reached high densities and beakers were periodically mixed to prevent intrapopulation divergence due to stochastic genetic drift. Salinity was monitored and kept at a constant 32 p.p.t. Stock cultures were maintained at 208C with a 12 L : 12 D photoperiod for at least two generations before the split-brood experiment, to eliminate epigenetic and other maternal effects that can influence thermal tolerance [35] .
(b) Split-brood experiment and common garden
To account for intra-population genetic variation, approximately 200 gravid females from each stock population were randomly selected and pooled in Petri dishes, which were kept for two days at 208C. After this time, adult females were removed, and the descendent broods were randomly split into two different rearing temperatures: a control condition of 208C considered to be benign across populations, and a treatment condition of 258C that is expected to affect multiple life-history traits [36] . Contrary to a previous work addressing the effect of developmental phenotypic plasticity [32] , temperature was kept constant in both control and treatment conditions, to avoid the known confounding effect of mean temperature and daily variability [36] . Nauplii were fed ad libitum, similar to stock cultures. Split-broods developing at control and treatment conditions reached maturity after four weeks, and were subsequently used for estimating thermal tolerance.
(c) Survivorship to acute heat-stress
To measure thermal tolerance, we examined survivorship to acute heat-stress following the protocol developed in [33] . For rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20170236 each pair of control and treatment split-broods, 10 mature animals were moved to a 15 ml Falcon tube with 10 ml of filtered seawater. After a resting period of 1 h at their respective rearing temperature, the tubes were moved to a water bath at the target stress temperature for 1 h. Following the heat-stress, tubes were moved to 208C for a 1 h period of recovery and then transferred to fresh medium. Survivorship was scored as the fraction of individuals surviving after three days.
Survivorship to acute heat-stress was assessed at one degree intervals from 338C to 408C, depending on the range of temperatures tolerated by each population (electronic supplementary material, table S2). This assay was replicated six times for midrange heat-stress temperatures, where we expected to see the greatest difference in survivorship between rearing conditions, and three times for upper and lower heat-stress temperatures, where survivorship of split-broods in alternative rearing conditions converged. Each heat-stress experiment included control and treatment split-broods, as well as populations from different latitudes, so that genetic differences were not confounded by possible temporal variations of the assay. This study included 42 to 66 replicates per population, corresponding to a total of 6180 adult copepods.
(d) Contribution of genetic divergence
To test if genetic divergence contributes to population differences in heat tolerance, we compared survivorship of populations growing under common garden conditions, both at 20 and at 258C. To describe the thermal performance curves for each population (one for each rearing condition), we first calculated mean and standard error for each heat-stress temperature. We then produced a model of thermal tolerance for each population and rearing condition, by fitting a sigmoidal curve to all replicates of survivorship across all heat-stress temperatures. From this model, we calculated the thermal tolerance as expressed by LD 50 (i.e. temperature inducing 50% survivorship), thermal limit as expressed by LD 10 (i.e. temperature inducing 10% survivorship), and the respective standard errors. Based on previous work with more limited sampling and fewer heat-stress temperatures, we expect southern populations to be more heat-tolerant than northern populations [32, 33] . All statistical analyses were performed in R v. 2.15.1 (R Development Core Team, functions: glm, dose.LD50, http:// www.R-project.org).
(e) Contribution of phenotypic plasticity
To test if developmental phenotypic plasticity contributes to heat tolerance, we first tested whether survivorship of splitbroods growing at different rearing conditions (208C versus 258C) had significantly different survivorship to heat-stress, using a non-parametric Wilcoxon test on survivorship data at each heatstress temperature (R function: wilcox.test). We then used LD 50 values to plot reaction norms of heat tolerance for each population at the two different rearing conditions. If higher rearing temperature results in 'adaptive' phenotypic plasticity in heat tolerance (i.e. beneficial [8] ), we expect LD 50 values for a given population to be significantly different between rearing temperatures and the reaction norms to have a positive slope. We assessed significance using a two-sample t-test.
If populations have genetic variance in phenotypic plasticity, we expect that those slopes will differ among pairs of populations, possibly generating crossed reaction norms [13] . First, we tested if heat tolerances of split-broods reared under alternative conditions differ among the 11 populations. We fitted the survivorship to 50 .588 N in the state of Columbia, Canada. Survivorship to heat-stress was tested in siblings reared at a control optimal temperature (208C; black) and a treatment sub-optimal temperature (258C; grey). Performance curves connect mean survivorship +SE to 1 h acute heat-stress, between 33 and 408C. Significant differences in survivorship between control and treatment are demarked by *p, 0.05, and **p , 0.01 (Mann -Whitney U-test).
rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20170236 heat-stress in a general linear model where survivorship is explained by heat-stress temperature, rearing condition, population and the interaction between population and rearing condition. We then used the heterogeneity of slopes test (ANOVA) to explicitly test for significance of the interaction term, i.e. if populations differ in their phenotypic plasticity. Second, we identified which pairs of population had crossed reaction norms. For each pair of populations, we statistically tested for crossed reaction norms by: (i) calculating a test statistic reflecting the difference between the differences in LD 50 values between populations under each rearing condition (test statistic ¼ (LD 50 pop1 208C 2 LD 50 pop2 208C) 2 (LD 50 pop1 258C 2 LD 50 pop2 258C)); calculating an SE for that statistic using the sum of the squares of the SEs (SE ¼ p
, where i is pop and j is rearing temperature); and finally calculating a z-score to reflect significance (z-score ¼ test statistic/SE). We used a Bonferroni correction for multiple testing.
To better understand if adaptive phenotypic plasticity is caused by increases of thermal tolerance (LD 50 ) or thermal limit (LD 10 ) for each population, for each split-brood pair we calculated DLD 50 and DLD 10 and associated SEs, as described above.
(f ) Latitudinal gradients
To understand how genetic divergence and phenotypic plasticity contribute to large-scale gradients in thermal tolerance, we tested correlations between latitude and air temperature (alternative independent variables) and indexes reflecting the two evolutionary mechanisms (dependent variables: LD 50 at the benign rearing temperature of 208C and DLD 50 , respectively). We assessed statistical significance by fitting a linear model relating the dependent and independent variables (R function: lm). Annual mean air temperature and annual temperature range were recovered from the BioClim database for each site [37] , at 1 km 2 resolution and averaged across 30 years (approximately 1560 generations of copepods).
(g) Potentially confounding factors
Because elevated rearing temperatures are known to cause lower developmental survivorship [36] , the adult individuals measured for thermal tolerance might represent a non-random subset of the population, thus leading to an increase of estimated thermal tolerance that reflects selection favouring tolerant individuals, rather than phenotypic plasticity. We tested this by measuring survivorship during development at the two rearing temperatures. During the split-brood experiments, we transferred 10 nauplii (times 12 replicates) from each population into six-well plates and reared them at control and treatment temperatures, as explained above. After 14 days, we measured developmental survivorship and used a Wilcoxon test to assess significance between rearing temperatures. If there is an effect of selection during development, we expect a positive correlation between difference in developmental survivorship (a proxy for the strength of selection) and increase in thermal tolerance (DLD 50 ).
In addition to long-term developmental conditions discussed above, phenotypic plasticity may also result from short-term acclimation of adult individuals. We tested whether acclimation can result in similar changes in thermal tolerance observed after full development at different temperatures. For three populations from different latitudinal ranges for which we had abundant stock cultures (PAC, PES, BR), we randomly sampled 10 adults (times six replicates) into Petri dishes, and kept them at 20 or 258C for 1 day. After acclimation, we assessed survivorship to acute heat-stress at 368C as explained above; this heat-stress temperature was previously identified as resulting in a strong increase in thermal tolerance across most populations. We used a Wilcoxon test corrected for multiple comparisons to assess differences in survivorship between control (stable at 208C), acclimation (1 day at 258C) and development (four weeks at 258C) conditions.
Results (a) Contribution of genetic divergence
Our split-brood and common garden experiment allowed us to describe the thermal performance curve for each population under the two rearing conditions (figure 1). In general, thermal performance curves approximated a sigmoidal shape, starting with a plateau of maximum survivorship at lower temperatures characterized by narrower standard errors, followed by a steep decrease of survivorship characterized by wider standard errors, and ending when we observed no survivorship. Performance curves from northern populations generally shifted to lower temperatures, reaching zero survivorship at heat-stress temperatures where southern populations maintained 100% survivorship (e.g. PAC versus SRQ; figure 1 ). This pattern was consistent across rearing conditions (electronic supplementary material, figure S1 ). The sigmoidal model showed differences in thermal tolerance (expressed by LD 50 ), varying between 33.8138C in RC and 37.6388C in SRQ (electronic supplementary material, figure S2a); thermal limit (expressed by LD 10 ) varied between 34.7548C in RC and 39.2038C in SRQ (electronic supplementary material, figure S2b).
(b) Contribution of phenotypic plasticity
Comparisons of performance curves between split-broods that developed under different rearing conditions showed significant differences at one to four heat-stress temperatures within each population (asterisks in figure 1 ). In each population, split-brood pairs exhibited performance curves with the same approximate shape (figure 1), and the sigmoidal model showed significant increases in LD 50 and LD 10 in every population (electronic supplementary material, figure S2 ) in a generally proportional way across populations (electronic supplementary material, figure S3 ). The degree of phenotypic plasticity among populations was reflected by increases of thermal tolerance, as expressed by DLD 50 , and varied from 0.396 to 1.3418C (electronic supplementary material, figure S4 ). All reaction norms for heat tolerance (LD 50 ) had a positive slope (figure 2). The model shows that survivorship strongly depended on heat-stress temperature and rearing condition figure 3a ).
(d) Potentially confounding factors
We did not find any evidence for an effect of confounding factors on our results. Although survivorship during development was slightly lower at warmer rearing temperatures, differences were only significant for three out of the 11 populations (Wilcoxon pairwise comparison for BDM, HEC and RC: p-values , 0.05; electronic supplementary material, figure S6a). Most importantly, the observed increases in heat tolerance (DLD 50 ) were not positively correlated with the strength of selection during development, as expressed by difference in survivorship at the two rearing temperatures (in fact the correlation was negative, R 2 ¼ 0.31, p-value ¼ 0.047; electronic supplementary material, figure S6b). We observed slight increases in survivorship to heat-stress after short-term acclimation, but survivorship of acclimated individuals was not significantly different from control individuals lacking acclimation (all p-values . 0.55). Survivorship for both acclimated and non-acclimated individuals was significantly lower than for individuals that developed at warmer rearing temperature (all p-values , 0.024; electronic supplementary material, figure S7 ).
Discussion (a) Genetic divergence leads to large differences in thermal tolerance
Previous common garden experiments have shown that populations of T. californicus have evolved genetic differences in their tolerance to acute heat-stress [32, 33] . By extending this approach to 11 populations distributed along wider latitudes (23.48, ranging from temperate to tropical environments), we confirmed that these earlier findings are generalizable across the species range sampled here. The thermal performance curves (figure 1; electronic supplementary material, figure S1) show that, across all heat-stress temperatures, northern populations have a lower survivorship than southern populations. Differences in survivorship to heatstress are most remarkable at 358C, a temperature that frequently occurs in tide pools in California [32] and that does not lead to mortality in southern populations while being partially or fully lethal to northern populations. Notably, performance curves from some of the northernmost populations (RC, PAC and BDM) plateau below 100% survivorship at lower heatstress temperatures irrespective of the rearing conditions, showing that even relatively mild heat-stress (33 and 348C) will cause some mortality in those populations but not in intermediate or lower latitude ones. Thermal tolerance and thermal limit, as estimated by LD 50 and LD 10 , are in agreement, with inter-population differences of up to 3.825 and 4.4498C respectively (electronic supplementary material, figure S2) , showing significant genetic adaptation across conspecific populations.
Genetic adaptation between populations of the same species is often opposed by gene flow. In T. californicus, there is abundant evidence that gene flow is extremely restricted over the geographical range of the species [38] [39] [40] . Polymorphism studies across the transcriptome have shown that shared mutations quickly become fixed during population divergence [41] ; e.g. between the closely related SD and BR populations, only 0.7% of the mutations are shared and 72.2% are fixed, with the remaining being polymorphic within each population. While such fixation at early stages of population divergence is likely driven by neutral evolution, this process also affects genes underlying thermal tolerance, such as heat-shock proteins, which contain amino acid substitutions between the thermal-tolerant population of SD and the relatively thermal-sensitive population of SCN [34] . The populations studied here are distributed over a wider geographical and ecological range than previous studies and probably diverged in isolation over thousands or millions of years [42] .
In this context, a combination of population demography, long divergence times and selection for alternative thermal regimes has apparently resulted in the accumulation of adaptive genetic differences among T. californicus populations and may explain the large difference in innate thermal tolerance observed here.
(b) Adaptive phenotypic plasticity differs among populations
Similar to studies on other species, most investigations of the evolution of thermal tolerance in T. californicus have aimed to exclude phenotypic plasticity in order to concentrate on genetic adaptation. Here, we showed that (i) performance curves of split-broods reared at different temperatures show significant differences of survivorship to acute heat-stress ( figure 1 ) and (ii) reaction norms from all populations are positively sloped (figure 2), clearly supporting a significant beneficial contribution of phenotypic plasticity to thermal tolerance. Phenotypic plasticity in thermal tolerance is characterized by an increase both in thermal tolerance (LD 50 ) and in thermal limit (LD 10 ), generally leading to a shift of the whole performance curve to higher temperatures (figure 1; electronic supplementary material, figure S3 ). These increases in thermal tolerance were not confounded by differential survivorship due to rearing condition (electronic supplementary material, figure S6 ), indicating that differences in phenotype are indeed caused by developmental phenotypic plasticity rather than selective mortality during development. Moreover, individuals reared at higher temperature show a significantly higher survivorship to acute heat-stress compared with individuals acclimated to the same temperature for 1 day (electronic supplementary material, figure S7 ), suggesting that developmental phenotypic plasticity can result in much larger effects than short-term plasticity. Yet, changes in thermal tolerance due to adaptive plasticity are only up to 1.348C, much smaller than the 3.838C inter-population difference due to genetic adaptation (electronic supplementary material, figure S2 ). Reviews on thermal adaptation to climate change suggest that plastic factors seem to be more to important than genetic factors [5] . Yet, the few studies successfully separating the two factor types tend to be restricted to fruit flies and daphnia [18, 43] . Our results contradict this, suggesting that generalizations are still premature until a larger variety of taxa are studied. Interestingly, our results show that the magnitude of phenotypic plasticity differs among populations, resulting in a significant interaction between genotype and environment (i.e. between population and rearing temperature) and in crossed reaction norms (figure 2). This pattern is indicative of some genetic variation in plasticity [13, 44] , suggesting that populations of T. californicus differ genetically in the plastic response to heat-stress. Although the genetic basis of phenotypic plasticity remains largely unknown, genetic (heritable) variation is the minimal requirement for the maintenance of plasticity by natural selection [8, 13, 45] . When alterations in the environment are predictable, such as during global warming, the ability to flexibly and rapidly respond to a new environment will be associated with increased fitness, allowing plasticity to evolve via Darwinian evolution. Recent studies in cichlid fishes have shown that plasticity in feeding morphology is genetically determined and can evolve adaptively via genetic assimilation [16] , leading to ecological diversification and eventually to species formation [22] . Our finding of genetic variance in plasticity for thermal tolerance, which has direct consequences to individual physiology and fitness, suggests that phenotypic plasticity may in fact evolve via natural selection and contribute to adaptation to heat-stress.
(c) Latitudinal gradients in thermal tolerance correlate with innate genetic differences, but not with developmental plasticity
Heritable clinal patterns for temperature stress resistance have been described in a number of terrestrial invertebrates. Such macro-ecological patterns are hypothesized to reflect both genetic adaptation to higher temperatures characteristic of lower latitude, and/or plastic adaptation to broader temperature ranges experienced at higher latitudes (termed the climatic variability hypothesis; [25] ). By successfully separating genetic and plastic adaptation to heat-stress in widespread populations of marine copepods, we tested if both mechanisms contribute to large latitudinal gradients of thermal tolerance. In T. californicus, we find a strong and significant correlation of thermal tolerance, as reflected by LD 50 , both with mean air temperature (figure 3a) and with latitude (electronic supplementary material, figure S5a). These strong correlations between innate thermal tolerance and habitat measurements strongly suggest that mean temperatures experienced by local populations are a major driver of the large latitudinal gradients of thermal tolerance observed in this species. Studies in other species have shown similar correlation of innate, or environmentally independent, thermal tolerance with latitude (e.g. porcelain crabs [26] , marine molluscs [46] , amphibians [47] and fruit flies [48] ), suggesting that genetic adaptation strongly contributes to large-scale latitudinal gradients observed across species. An emerging implication of latitudinal gradients of innate thermal tolerance across terrestrial insects [49] , also supported by our results in this marine copepod, is that warm-adapted populations from lower latitudes are characterized by thermal limits that are frequently experienced in their local environments, suggesting that southernmost populations might be close to their innate adaptive capacity.
The two critical assumptions of the climate variability hypothesis are that there is a gradient between latitude and thermal variability, and that there is a match between this cline and thermal physiological breadth of a taxon [25] . Although there is a clear correlation between latitude and temperature variability throughout the range of T. californicus (electronic supplementary material, figure S8 ), we do not rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20170236 find a correlation with performance breadth, as reflected by DLD 50 (figure 3b), suggesting that phenotypic plasticity does not contribute to latitudinal gradients of thermal tolerance in this species. Our result contrasts with an earlier study using six populations from three similar environments [32] , suggesting that broader sampling, a split-brood experimental design, parallel rearing conditions and the careful exclusion of maternal effects are required for appropriate tests of the contribution of phenotypic plasticity in adaptation to large-scale thermal gradients. Other factors that do not vary with latitude might be more relevant to explain the observed variation in phenotypic plasticity. The level of microclimate variability, such as the level of sun exposure of tide pools or pool size, varies strongly throughout the species range and can cause strong variation in temperature at finer spatial scales, which would not be recognized in the macro climatic variables used here. Other studies where genetic and plastic factors could be separated also did not show a correlation between latitude and thermal breadth (e.g. in amphibians [50] and in fruit flies [51] ), suggesting that the climatic variability hypothesis might not explain the evolution of latitudinal gradients in thermal tolerance in all species and that its generalization to explain such a strong macro-ecological pattern is premature.
Concerning current climate warming, species from lower latitudes are generally considered to be the biggest 'losers' of adaptive capacity [6] . Our results from T. californicus suggest that this generalization is only partially true. Although we confirmed that adaptive genetic capacity of southern populations might be limited because thermal limits lie near current thermal maxima, phenotypic plasticity is not more restricted, providing some, yet limited, capacity to accommodate increases in heat tolerance.
Data accessibility. Estimates of thermal tolerance and GPS coordinates for collection sites are included as electronic supplementary material tables. Raw data on survivorship to acute heat-stress and summary statistics of heat tolerance are archived in the Dryad repository: http://dx.doi.org/10.5061/dryad.bp76g [52] .
